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Natural antioxidants have been proposed to have beneficial effects on health and on different
disease states, such as neurodegenerative and cardiovascular diseases, diabetes and cancer [1–4].
The use of natural plant antioxidant products to handle different diseases has very ancient roots;
well before the development of modern medicine with synthetic drugs and antioxidants. A lot
of the biological activities of natural antioxidants have been ascribed to their ability to scavenge
reactive oxygen species (ROS) that counteract oxidative stress. In the last years, a multitude of studies
have suggested that their classical hydrogen-donating antioxidant activity is unlikely to be the sole
explanation for their effects [5]. First of all, natural antioxidants are subjected to an extensive metabolism
in vivo that modifies their redox potentials. Moreover, the concentration of natural antioxidants and
their metabolites in vivo are lower than that usually utilized in vitro. Accumulating evidence suggests
that the cellular effects of natural antioxidants may also be mediated by their interactions with specific
proteins central to intracellular signaling cascades [6–8], their modulation of the expression and activity
of key proteins [9–11], their influencing of epigenetic mechanisms [12,13] or their modulation of the
gut microbiota [14,15].
This special issue, concerning new mechanisms in the action of natural antioxidants in health
and disease, contains nine contributions, seven research articles and two reviews, and details recent
advances on this topic.
In recent years, increasing attention has been paid to natural dietetic antioxidants and their
potential effect on human health.
Corsetto et al. [16] focused on edible brown seaweeds, a rich source of natural antioxidants,
extensively investigated for their ability to prevent and/or counteract different diseases [17,18].
In particular, the authors studied the possible mechanisms of Fucus vesiculosus’s antioxidant action and
considered its bioactivity during the production of enriched rye snacks. They used a multiple-method
approach, including chemical assays and cell-based bioassays, to characterize the potential mechanisms
of the antioxidant action of seaweed extracts. They demonstrated that the antioxidant action of
Fucus vesiculosus extracts is due to their high level of polyphenols, but also to their high Fe2+-chelating
activity. Moreover, rye snacks enriched with Fucus vesiculosus showed a higher antioxidant potential,
suggesting the use of these extracts to design functional foods.
Fermented foods are considered prominent constituents of the human diet because of their
content in health-promoting compounds [19]. Fermentation is one the most ancient methods of food
preparation, which increases the shelf life and improves the flavor of food matrices like soy, milk, meat,
fruit and vegetables.
Fermented Papaya Preparation (FPP®) is a product obtained from the yeast fermentation of
non-genetically modified Carica Papaya Linn, and has been shown to represent a valuable approach
in obtaining systemic antioxidant effects. The study of Logozzi et al. [20] was aimed at verifying
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FPP®’s in vivo anti-aging effect, together with the modulation of the intracellular antioxidant system.
Mice (C57BL/6J) were treated daily with FPP® from either the 6th week or the 51st week of age. After a
10 month treatment, FPP® led to an increase in telomeres length in the bone marrow and ovary, together
with an increase in the plasmatic levels of telomerase activity and antioxidant levels, and a decrease of
ROS. Interestingly, the treatment started at six weeks of age was more effective, suggesting a potential
preventive role of FPP® against molecular damages induced by age when started precociously.
Tonolo et al. [21] studied the antioxidant activity of different peptides extracted from fermented
milk proteins. Bioactive peptides generated from milk can originate both from whey proteins and
from caseins. Fermented milk was produced using Lactobacillus acidophilus NCFM®, Lactobacillus
delbrueckii subs. bulgaricus and Streptococcus thermophilus. The authors identified four peptides,
N-15-M, E-11-F, Q-14-R, and A-17-E, as the most effective against oxidative stress, and demonstrated
that these bioactive peptides exert their antioxidant activity through the activation of the Keap1/
erythroid 2-related factor 2 (Nrf2) pathway.
Cardiovascular diseases are the leading cause of death in the world, and atherosclerosis, a chronic
inflammatory process that involves a complex of pathophysiological effects, is one of the major risk
factors. The development of atherosclerosis is related to the proliferation and migration of vascular
smooth muscle cells (VSMCs) following stimulation with proinflammatory cytokines [22]. In recent
years, phytochemicals have attracted considerable attention in the prevention and/or counteraction
of atherosclerosis. The paper of Chou et al. [23] reported that a polyphenol-rich extract of Hibiscus
sabdariffa leaves was able to inhibit matrix metalloproteinase expression and cell migration in VSMC
A7r5 cells pretreated with TNF-a, by modulating protein kinase B (PKB) and inducing cell cycle G0/G1
arrest by inducing the expression of p53 and its downstream factors. The extract could also trigger a
decrease in ROS production following TNF-a stimulation. In a well-established atherosclerotic New
Zealand white rabbit model, the authors confirmed the in vitro data on the anti-atherosclerotic effect of
Hibiscus sabdariffa leaf extract, suggesting that this extract could contribute to the protection against
atherosclerosis and consequently against cardiovascular diseases.
Neurodegenerative disorders, like Alzheimer’s disease (AD), affect millions of people in the world
and cause important memory impairment. Presently, there is no drug able to treat dementia-related
afflictions, so phytochemical bioactive compounds are acquiring importance as a source of anti-AD
agents. Capatina et al. [24], using a zebrafish (Danio rerio) model treated with 100 µM scopolamine
(a muscarinic acetylcholine receptor blocker known to induce amnestic effects), investigated the
potential antidepressant-like and cognitive-enhancing effect of Rosmarinus officinalis essential oil
(REO). The authors demonstrated that REO prevents the anxiogenic-like effect of scopolamine, in a
dose-dependent manner, and that it exhibited an anxiolytic and memory-enhancing profile. Moreover,
REO treatment significantly reduced acetylcholinesterase activity, as compared to the scopolamine
treated group, and counteracted the scopolamine-induced reduction in antioxidant enzyme activities
in the zebrafish brain. Therefore, REO could be considered as a promising bioactive source for fighting
cognitive performance-decrease and anxiety increase.
As previously underlined, the use of natural plant antioxidant products has very ancient origins,
but nowadays research has made many steps forward, and the evolution of separative techniques has
made it possible to identify specific active antioxidants compounds in natural sources, and develop
them as potential therapeutic agents.
In their review, Tan et al. [25] analyzed the function and mechanisms of cyanidin-3-glucoside and
its phenolic metabolites in maintaining intestinal integrity. Cyanidin-3-glucoside is an anthocyanin,
naturally present in black rice, black bean, purple potato and many berries. Cyanidin-3-glucoside is
extensively metabolized in the gastrointestinal tract and gives rise to a series of secondary phenolic
metabolites, including protocatechuic acid, phloroglucinaldehyde, vanillic acid and ferulic acid.
Those metabolites have multiple effects, as they regulate the gut’s microbiota and modulate Nrf2
antioxidant and inflammatory pathways. Thanks to these effects, cyanidin-3-glucoside and its
metabolites play a key role in maintaining intestinal integrity and function.
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In recent years, a lot of studies have underlined the synergic effect of different natural compounds
when administered in combination [26]. On these bases, Marazzo et al. [27], using a three-dimensional
neuronal cell culture, investigated the protective effect of three natural antioxidants (sulforaphane,
epigallocatechin gallate, and plumbagin) alone or in combination, focusing on their activity against
hydrogen peroxide-induced oxidative stress. Interestingly, the treatment with the combination of
the three natural antioxidants was more effective than the treatments with the single compounds.
In particular, the combined treatment positively modulated reduced glutathione (GSH), antioxidant
enzymes (heme oxygenase 1, glutathione reductase and thioredoxin reductase) and insulin-degrading
enzymes, and downregulated nicotinamide adenine dinucleotide phosphate (NADPH) oxidase 1 and
2, in respect to peroxide-treated cells.
Franco et al. [28] reviewed the indirect antioxidant mechanisms of natural antioxidants, in particular
hormesis, a mechanism that triggers the upregulation of enzymes essential for the innate detox pathways
and/or the modulation of vitagenes expression [29]. Moreover, they suggested that natural antioxidants
present in the chloroplast and mitochondria of plant cells may reach the mitochondria of mammalian
cells, and make electron transport and oxidative phosphorylation more efficient. They concluded
stressing the fact that, very often, in vitro antioxidant measures do not correlate with antioxidant action
at the physiological level.
Natural antioxidants have been widely studied also as effective topical natural cosmetic agents [30].
Hseu et al. [31] focused their attention on Ectoine, a natural extremolyte produced from several species of
microorganisms under stressful conditions. Using UVA-irradiated human keratinocytes (HaCaT), they
evaluated the effect of low Ectoine concentrations (0.5–1.5 µM) on depigmenting and anti-melanogenic
parameters. They demonstrated that Ectoine treatment decreased ROS levels,α-melanocyte-stimulating
hormone production, and proopiomelanocortin expression. Ectoine mediated the nuclear translocation
of Nrf2 via p38, Akt and protein kinase C (PKC) pathways, and therefore the expression of antioxidant
enzymes heme oxygenase-1, NAD(P)H dehydrogenase [quinone 1], and γ-glutamate-cysteine ligase
catalytic subunit.
The conditioned medium, obtained from the Ectoine pre-treated and UVA-irradiated HaCaT cells,
downregulated the tyrosinase, tyrosinase-related proteins and microphthalmia-associated transcription
factor expressions in melanoma B16F10 cells, thus inhibiting melanin synthesis and evidencing
a whitening effect. The authors concluded that Ectoine could be suggested as a potential and
natural-based skin whitening agent to the cosmetic industry.
In conclusion, this special issue contributed to increasing the knowledge on the mechanisms of
action of natural antioxidants, evidencing their pleiotropic role in the prevention and/or counteraction
of degenerative diseases, and promoting also their application in the functional food and cosmetic field.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Pohl, F.; Lin, P.K.T. The potential use of plant natural products and plant extracts with antioxidant properties
for the prevention/treatment of neurodegenerative diseases: In vitro, in vivo and clinical trials. Molecules
2018, 23, 3283. [CrossRef]
2. Kizhakekuttu, T.J.; Widlansky, M.E. Natural antioxidants and hypertension: Promise and challenges.
Cardiovasc. Ther. 2010, 28. [CrossRef] [PubMed]
3. Zatalia, S.R.; Sanusi, H. The role of antioxidants in the pathophysiology, complications, and management of
diabetes mellitus. Acta Med. Indones. 2013, 45, 141–147. [PubMed]
4. Mates, J.; Segura, J.; Alonso, F.; Marquez, J. Natural Antioxidants: Therapeutic Prospects for Cancer and
Neurological Diseases. Mini-Reviews Med. Chem. 2009, 9, 1202–1214. [CrossRef] [PubMed]
5. Williams, R.J.; Spencer, J.P.E.; Rice-Evans, C. Flavonoids: Antioxidants or signalling molecules? Free Radic.
Biol. Med. 2004, 36, 838–849. [CrossRef] [PubMed]
Antioxidants 2020, 9, 344 4 of 5
6. Ho, H.H.; Chang, C.S.; Ho, W.C.; Liao, S.Y.; Wu, C.H.; Wang, C.J. Anti-metastasis effects of gallic acid on
gastric cancer cells involves inhibition of NF-κB activity and downregulation of PI3K/AKT/small GTPase
signals. Food Chem. Toxicol. 2010, 48, 2508–2516. [CrossRef] [PubMed]
7. Al-Rasheed, N.M.; Fadda, L.M.; Ali, H.M.; Abdel Baky, N.A.; El-Orabi, N.F.; Al-Rasheed, N.M.; Yacoub, H.I.
New mechanism in the modulation of carbon tetrachloride hepatotoxicity in rats using different natural
antioxidants. Toxicol. Mech. Methods 2016, 26, 243–250. [CrossRef] [PubMed]
8. Angeloni, C.; Malaguti, M.; Rizzo, B.; Barbalace, M.C.; Fabbri, D.; Hrelia, S. Neuroprotective Effect of
Sulforaphane against Methylglyoxal Cytotoxicity. Chem. Res. Toxicol. 2015, 28, 1234–1245. [CrossRef] [PubMed]
9. Moongkarndi, P.; Srisawat, C.; Saetun, P.; Jantaravinid, J.; Peerapittayamongkol, C.; Soi-Ampornkul, R.;
Junnu, S.; Sinchaikul, S.; Chen, S.T.; Charoensilp, P.; et al. Protective effect of mangosteen extract against
β-amyloid-induced cytotoxicity, oxidative stress and altered proteome in SK-N-SH cells. J. Proteome Res.
2010, 9, 2076–2086. [CrossRef]
10. Angeloni, C.; Leoncini, E.; Malaguti, M.; Angelini, S.; Hrelia, P.; Hrelia, S. Role of quercetin in modulating rat
cardiomyocyte gene expression profile. Am. J. Physiol. Hear. Circ. Physiol. 2008, 294. [CrossRef]
11. Giusti, L.; Angeloni, C.; Barbalace, M.C.; Lacerenza, S.; Ciregia, F.; Ronci, M.; Urbani, A.; Manera, C.;
Digiacomo, M.; Macchia, M.; et al. A proteomic approach to uncover neuroprotective mechanisms of
oleocanthal against oxidative stress. Int. J. Mol. Sci. 2018, 19, 2329. [CrossRef] [PubMed]
12. Izzo, S.; Naponelli, V.; Bettuzzi, S. Flavonoids as Epigenetic Modulators for Prostate Cancer Prevention.
Nutrients 2020, 12, 1010. [CrossRef] [PubMed]
13. Carrera, I.; Martínez, O.; Cacabelos, R. Neuroprotection with Natural Antioxidants and Nutraceuticals in the
Context of Brain Cell Degeneration: The Epigenetic Connection. Curr. Top. Med. Chem. 2019, 19, 2999–3011.
[CrossRef] [PubMed]
14. Khan, M.S.; Ikram, M.; Park, J.S.; Park, T.J.; Kim, M.O. Gut Microbiota, Its Role in Induction of Alzheimer’s
Disease Pathology, and Possible Therapeutic Interventions: Special Focus on Anthocyanins. Cells 2020, 9, 853.
[CrossRef] [PubMed]
15. Choi, Y.; Lee, S.; Kim, S.; Lee, J.; Ha, J.; Oh, H.; Lee, Y.; Kim, Y.; Yoon, Y. Vitamin E (α-tocopherol) consumption
influences gut microbiota composition. Int. J. Food Sci. Nutr. 2020, 71, 221–225. [CrossRef]
16. Corsetto, P.A.; Montorfano, G.; Zava, S.; Colombo, I.; Ingadottir, B.; Jonsdottir, R.; Sveinsdottir, K.; Rizzo, A.M.
Characterization of antioxidant potential of seaweed extracts for enrichment of convenience food. Antioxidants
2020, 9, 249. [CrossRef]
17. Barbalace, M.C.; Malaguti, M.; Giusti, L.; Lucacchini, A.; Hrelia, S.; Angeloni, C. Anti-inflammatory activities
of marine algae in neurodegenerative diseases. Int. J. Mol. Sci. 2019, 20, 3061. [CrossRef]
18. Hannan, M.A.; Sohag, A.A.M.; Dash, R.; Haque, M.N.; Mohibbullah, M.; Oktaviani, D.F.; Hossain, M.T.;
Choi, H.J.; Moon, I.S. Phytosterols of marine algae: Insights into the potential health benefits and molecular
pharmacology. Phytomedicine 2020, 69, 153201. [CrossRef]
19. S¸anlier, N.; Gökcen, B.B.; Sezgin, A.C. Health benefits of fermented foods. Crit. Rev. Food Sci. Nutr. 2019, 59,
506–527. [CrossRef]
20. Logozzi, M.; Di Raimo, R.; Mizzoni, D.; Andreotti, M.; Spada, M.; Macchia, D.; Fais, S. Beneficial effects
of fermented papaya preparation (FPP®) supplementation on redox balance and aging in a mouse model.
Antioxidants 2020, 9, 144. [CrossRef]
21. Tonolo, F.; Fiorese, F.; Moretto, L.; Folda, A.; Scalcon, V.; Grinzato, A.; Ferro, S.; Arrigoni, G.; Bindoli, A.;
Feller, E.; et al. Identification of new peptides from fermented milk showing antioxidant properties:
Mechanism of action. Antioxidants 2020, 9, 117. [CrossRef]
22. Bennett, M.R.; Sinha, S.; Owens, G.K. Vascular Smooth Muscle Cells in Atherosclerosis. Circ. Res. 2016, 118,
692–702. [CrossRef]
23. Chou, C.C.; Wang, C.P.; Chen, J.H.; Lin, H.H. Anti-atherosclerotic effect of Hibiscus leaf polyphenols against
tumor necrosis factor-alpha-induced abnormal vascular smooth muscle cell migration and proliferation.
Antioxidants 2019, 8, 620. [CrossRef] [PubMed]
24. Capatina, L.; Boiangiu, R.S.; Dumitru, G.; Napoli, E.M.; Ruberto, G.; Hritcu, L.; Todirascu-Ciornea, E.
Rosmarinus officinalis essential oil improves scopolamine-induced neurobehavioral changes via restoration
of cholinergic function and brain antioxidant status in Zebrafish (Danio rerio). Antioxidants 2020, 9, 62.
[CrossRef] [PubMed]
Antioxidants 2020, 9, 344 5 of 5
25. Tan, J.; Li, Y.; Hou, D.X.; Wu, S. The effects and mechanisms of cyanidin-3-glucoside and its phenolic
metabolites in maintaining intestinal integrity. Antioxidants 2019, 8, 479. [CrossRef]
26. Angeloni, C.; Businaro, R.; Vauzour, D. The role of diet in preventing and reducing cognitive decline.
Curr. Opin. Psychiatry 2020, 1. [CrossRef] [PubMed]
27. Marrazzo, P.; Angeloni, C.; Hrelia, S. Combined treatment with three natural antioxidants enhances
neuroprotection in a SH-SY5Y 3D culture model. Antioxidants 2019, 8, 420. [CrossRef] [PubMed]
28. Franco, R.; Navarro, G.; Martínez-Pinilla, E. Hormetic and mitochondria-related mechanisms of antioxidant
action of phytochemicals. Antioxidants 2019, 8, 373. [CrossRef]
29. Calabrese, V.; Cornelius, C.; Trovato-Salinaro, A.; Cambria, M.; Locascio, M.; Rienzo, L.; Condorelli, D.;
Mancuso, C.; De Lorenzo, A.; Calabrese, E. The Hormetic Role of Dietary Antioxidants in Free Radical-Related
Diseases. Curr. Pharm. Des. 2010, 16, 877–883. [CrossRef]
30. Hatem, S.; Nasr, M.; Elkheshen, S.A.; Geneidi, A.S. Recent Advances in Antioxidant Cosmeceutical Topical
Delivery. Curr. Drug Deliv. 2018, 15, 953–964. [CrossRef]
31. Hseu, Y.C.; Chen, X.Z.; Gowrisankar, Y.V.; Yen, H.R.; Chuang, J.Y.; Yang, H.L. The skin-whitening effects
of ectoine via the suppression of α-MSH-stimulated melanogenesis and the activation of antioxidant Nrf2
pathways in UVA-irradiated keratinocytes. Antioxidants 2020, 9, 63. [CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
